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(54) Performance counters controlled by programmable logic 

(57) An apparatus and method for counting event 
signals generated by a computer system is described. 
The event signals are indicative of the performance of 
the computer system. Programmable logic enhances 
the functionality of performance counters by enabling 
the system user to specify, during the execution of an 
application program, which event signals to count. The 
system user can dynamically configure the programma- 
ble logic to select a subset of the event signals gener- 
ated by the computer system, and to combine the 
selected subset of event signals to generate a new 
event signal that can be counted. Other new event sig- 
nals can be generated by the programmable logic from 
the selected subset of event signals. A user of the com- 
puter system can dynamically make the selection of any 
one of the new event signals for counting. 
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Descripti n 

FIELD OF THE INVENTION 

s [0001] The present invention relates generally to computer systems, and more particularly to monitoring the perform- 
ance of computer systems. 

BACKGROUND OF THE INVENTION 

10 [0002] Computer systems are becoming increasingly more complex. This growing complexity increases the difficulty 
of analyzing and understanding the dynamic behavior of the systems. When computer systems are built with low inte- 
gration components, hardware monitoring techniques are able to access and analyze signals of interest for understand- 
ing the operation and performance of the systems. But as computer systems become more complex and highly 
integrated, these signals of interest can become inaccessible, many times being sealed within the packages of the com- 

is ponerrts. 

[0003] Moreover, simulations of computer system behavior are incapable of providing a complete understanding of 
the performance of the system. For one. such simulations run at significantly lower speeds than actual computer system 
operation. Consequently, these simulations are unable to run large real applications within a useful period of time. Fur- 
ther, the simulations cannot aid in understanding flaws that are produced during the implementation of the design or 

20 during the manufacture of the computer system. 

[0004] In order to provide a window of visibility into the behavior of computer systems, microprocessors have begun 
to include on-chip performance counters for counting occurrences of important events during system operation. Impor- 
tant events can include, for example, cache misses, instructions executed, and I/O data transfer requests. These 
counters can be set to interrupt the microprocessor upon a count overflow. Typically, the microprocessors can also peri- 

25 odically examine the performance counters, and thereby evaluate the performance of the system. 

[0005] Recent implementations of on-chip performance counters supply each performance counter a distinct set of 
events from which only one event is selected for counting. Such implementations are limited in that each particular 
event can be selected by only one performance counter. Also, the selection of which events to count, typically, must be 
determined at the time when the computer system is designed. Unfortunately, not all computer system performance 

30 problems can be anticipated at design time, especially those problems that arise because something has been over- 
looked. Thus, selecting events at design time can limit performance monitoring to those events that are of no interest to 
the system designer in light of the actual behavior of the computer system. 

[0006] Thus, it is desired that there be a method and apparatus for counting event signals that enable the system user 
to specify, while an application program is running, which events signals to count. 

35 

SUMMARY OF THE INVENTION 

[0007] The present invention, in its broad form, resides in an apparatus and related method for counting event signals 

generated by a computer system, as recited in claims 1 and 1 1 respectively. As descrfced, the apparatus of the inven- 
40 tion will enhance the functionality of performance counters by using programmable logic. With the programmable logic 

the system user can specify, while an application program is running, which event signals to count. 

[0008] One embodiment of the invention provides flexibility in what types of events can be counted; it can generate 

new event signals from combinations of event signals that are generated by the computer system. These combinations 

can be dynamically determined during the operation of the computer system, 
45 [0009] Another purpose herein is to be able to count multiple concurrent occurrences of an event type in a single 

counter. 

[001 0] A preferred embodiment of the disclosed apparatus includes means for selecting a subset of event signals from 
a set of event signals generated by a computer system, and means for combining the selected subset of event signals 
to generate a new event signal that can be counted. 
so [0011] As described hereinafter, the means for selecting is dynamically configurable. A new subset of event signals 
can be selected, while the computer system is operating, from the set of event signals generated by the computer sys- 
tem. 

[0012] Preferably, the selected subset of event signals includes a first event signal and a second event signal. The 
means for combining generates the new event signal when the computer system generates the first event signal and 
55 the second event signal during a single clock cycle. 

[0013] Advantageously, the first event signal and the second event signal occur concurrently, and each indicate an 
occurrence of a particular event. The means for combining combines the first event signal and the second event signal 
so that each concurrent occurrence of the particular event can be counted in one counter during a single clock cycle. 
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[0014] In a modification, the first event signal and the second event signal occur in different dock cycles, and the 
means for combining generates the new event signal when the computer system generates the second event signal 
after generating the first event signal. 

[001 5] In a preferred disclosed method, the invention selects a subset of event signals from a set of event signals gen- 
5 erated by a computer system, and combines the selected subset of event signals to generate a new event signal that 
can be counted. 

[0016] Preferably, the method selects dynamically, while the computer system is operating, a new subset of event sig- 
nals from the set of event signals generated by the computer system. 

[0017] Advantageously, the method generates a plurality of new event signals from the selected subset of event sig- 
io nals. and selects one of the new event signals to count. 

[0018] In a modification, the method selects dynamically, while the computer system is operating, a different one of 
the new event signals to count. 

BRIEF DESCRIPTION OF THE DRAWINGS 

75 

[0019] A more detailed understanding of the invention may be had from the following description of a preferred 
embodiment, given by way of example, and to be understood with reference to the accompanying drawing wherein: 

♦ FIG. 1 is a block diagram of a computer system and performance counter units that count event signals, using the 
20 principles of the invention; 

♦ FIG. 2 is a block diagram of one of the performance counter units of FIG. 1 including programmable logic circuitry; 

♦ FIG. 3 is a block diagram of the exemplary programmable logic circuitry of FIG. 2 including a combined -event gen- 
erator, a memory controller event generator, a multiple-event generator and a sequential-event generator; 

♦ FIG. 4 is a block diagram of the exemplary combined event generator of FIG. 3; 

25 ♦ FIG. 5 is a block djagram of an exemplary group event generator of the memory controller event generator of FIG. 
3; 

♦ FIG. 6 is a block diagram of the exemplary multiple event generator of FIG. 3; and 

♦ FIG. 7 is a block diagram of the exemplary sequential event generator of FIG. 3. 

30 DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

[0020] FIG. 1 shows a computer system 100 coupled to performance counter units 110, 1 1 1 by signal lines 112. The 
signal lines 1 12 carry event signals that are generated during the operation of the computer system 100. Such event 
signals 112 are used to monitor the performance of the system 100 using the principles of the invention. 
35 [0021] The computer system 100 includes a processor 102, memory controllers 104 and a memory subsystem 106. 
The processor 102 is coupled to the memory subsystem 106 through the memory controllers 104 by a memory bus 
1 1 4. The computer system 1 00 can be one of a variety of computer system types including, for example, an embedded 
system, a personal computer, a workstation, or a mainframe. 

[0022] In a preferred embodiment, the processor 102 is a graphics rendering device, but the principles of the invention 
40 can also be implemented using modern integrated circuit microprocessor devices having either CISC or RISC architec- 
tures. The processor 102, memory controllers 104 and performance counter units 1 10, 1 1 1 are implemented preferably 
on a single integrated circuit (IC) device. 

[0023] The memory controllers 1 04 control access to the data stored in the memory subsystem 1 06. The processor 
102 can have as many as eight memory controllers 104, which are organized, for example, into one of two groups. For 
45 the purposes of this description, the eight memory controllers 104 are numbered 0 through 7. As described below in 
connection with FIG. 2, such grouping can be dynamically configured by the system 100 user during the execution of 
an application program. Such configuring is referred to as dynamic because the configuring occurs during the operation 
of the computer system 100. 

[0024] Other embodiments can use fewer or more than two performance counter units 110. 111 and eight memory 
so controllers 104. There can also be fewer or more than two groups of such memory controllers 104. 

[0025] The memory subsystem 1 06 includes memories 1 08 that have various attributes, such as static, dynamic, ran- 
dom access, volatile, and persistent storage elements. These storage elements can be, for example, registers or mem- 
ory cells. The memories can be organized variously, such as in a cache hierarchy or in an memory array. The busses 
114 can be implemented as a plurality of signal lines for carrying address, data, and control signals. 
55 [0026] The performance counter unit 1 10 is a representative example of each unit 1 10, 1 1 1 in the computer system 
1 00. The performance counter unit 1 1 0 receives the same set of event signals 1 1 2 as performance counter unit 111. 
The performance counter unit 1 10 includes an event signal selector 120. and event signal combine 130 and counter 
1 40. The event signal selector 1 20 receives event signals 1 1 2 from the computer system 1 00 and issues signals 1 22 to 
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the event signal combiner 130. The event signal combiner 130 is coupled to the counter 140 by signals 132. The coun- 
ter 140 is coupled to the computer system 1 00 by read/write (R/W) data lines 142 and interrupt lines 144. 
[0027] During the operation of the computer system 100, the processor 102 executes instructions of an application 
program. Analyzing the behavior of the computer system 100 as the processor 102 executes instructions can provide 
5 helpful insight as to the design limits, flaws and characteristics of the computer system 100, and the processor 102 
itself. System designers determine beforehand what types of system conditions might be of some interest to monitor, 
and design the computer system 1 00 to trigger event signals 1 1 2 when those conditions occur. Examples of operational 
conditions that can trigger an event signal 1 12 are described below in connection with FIG. 2 and the TABLES A, B, C 
and D. 

io [0028] Various components in the computer system 100 including, for example, the memory controllers 104, are 
capable of producing event signals 112. The types of events that can be signaled depend upon the signaling compo- 
nent. 

[0029] When a certain condition triggers an event signal 1 12, the computer system 100 generates a high ("1 ") signal 
on the appropriate event signal line 1 12. If that certain condition does not occur during a system clock cycle, then the 

15 system 100 outputs a low ( M 0 M ) signal. 

[0030] The performance counter unit 1 10 receives a set of event signals 1 12 generated by the computer system 100 
during each system clock cycle. Each other performance counter unit 111 receives the same set of event signals 1 12 
as the performance counter unit 110. The event signal selector 120 selects a subset of event signals 122 from the set 
of event signals 112 generated by the computer system 100. A system 100 user can dynamically configure the event 

20 signal selector 1 20, while the computer system 100 is operating, to select a subset of zero, one or more event signals 
1 22 from the set 112 generated by the computer system 1 00. 

[0031] The event signal combiner 130 receives the event signals 122 of the subset selected by the event signal selec- 
tor 120, and combines these signals 122 to produce new event signals 132 that can be added to the counter 140. An 
accumulated count associated with the new event signals 132 is maintained in the counter 140. The counter 140 issues 
25 an interrupt signal on interrupt line 144 when the accumulated count overflows the counter 1 40. The processor 1 02 can 
periodically examine the counter 140 via R/W data lines 142 to obtain an ongoing analysis of the performance of the 
computer system 1 00 with respect to the new event signals 132. The processor 102 can also write to the counter 140, 
such as to preset the counter 140 to a predetermined value. 

[0032] FIG. 2 shows performance counter unit 200 as a representative example of each performance counter unit 

30 1 1 0, 1 1 1 in the computer system 1 00. Event signals 1 1 2 are presented to each performance counter unit 110,111. 
[0033] Sending the same set of events to each performance counter unit 1 10, 1 1 1 is a divergence from prior art per- 
formance counter implementations. Previous implementations usually sent all related events to one counter, i.e., all 
memory-related events went to one counter, all instruction related events to another counter, etc. Then one of the 
related events was selected for counting. The problem was that such implementations precluded making comparisons 

35 between related events within a single execution of an application program. 

[0034] There is a need, however, for performance counter mechanisms that will allow comparisons between related 
events. For example: it might be useful to count not only cache misses, but also to determine what percentage of those 
cache misses were caused by load instructions. If event signals for both cache misses and load misses are sent to the 
same counter, then only one of either cache misses or load misses can be monitored during any given execution of an 

40 application. But, if the event signals for both cache misses and load misses are sent to each performance counter unit 
110, 111, as is possible in the preferred embodiment, then cache misses can be counted by one unit 110, and load 
misses by the other unit 111. The processor 102 can then determine the ratio of cache misses due to load instructions 
after a single execution of the program application. This is difficult to do with the previous implementations. 
[0035] As described herein, the performance counter unit 200 includes a performance counter 202, a count-event reg- 

45 ister 240, a count-control register 250, and programmable logic circuitry 300. The performance counter 202 includes a 
count-result register 210 coupled to an adder 220 by which an accumulated count in the count-result register 210 can 
be incremented. This count is associated with new event signals 132 that are generated according to the principles of 
the invention. The processor 102 can read from or write to the count-result register 210 via R/W data lines 142. The 
count-result register 210 is also coupled to the programmable logic circuitry 300 by overflow line 214. The programma- 

50 ble logic circuitry 300 may interrupt the processor 102 via interrupt line 144 upon certain counts or conditions, such as 
when the count-result register 210 overflows. 

[0036] The preferred embodiment uses a sixty-four bit count-result register 210. The sixty-four bit size of the register 
210 can accommodate a large count (2*64) before overflowing, which can reduce the frequency at which the processor 
102 needs to read the count-result register 210 than would be needed for a smaller counter. 
55 [0037] The adder 220 includes two inputs and one output: one input is for receiving the current count from the count- 
result register 210 via signal lines 224, and the other input is for receiving an incrementing value (INCR-VALUE) from 
the programmable logic circuitry 300 via signal lines 222. The output of the adder 220, which is the sum of the values 
on signal lines 222 and 224, is fed back to the count-result register 210. INCR-VALUE 222 determines the amount by 
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which the current count stored in the count-result register 210 increases. This amount can be greater than one. 
[0038] in the preferred embodiment, the combined settings of the count-event register 240 and the count-control reg- 
ister 250 determine whether, and by what amount the performance counter 202 increments. Such settings can be deter- 
mined at the run time of an application program. Writing a '1' to certain bit positions in the count-event register 240 and 
the count-control register 250 selects events and functions corresponding to those bits as shown below in TABLES A, 
B, C. and D. 

[0039] The count-event register 240 is coupled to the programmable logic circuitry 300 by signal lines 242, and, gen- 
erally, specifies the subset of event signals 122 to be selected. Zero, one or more events can be selected concurrently. 
A user of the system 100 can dynamically configure the count-event register 240 during the execution of an application 
program. The processor 102 can access the count-event register 240 for reading and writing by signal lines 244. 
[0040] As described, the count-event register 240 has 64-bits. The bits correspond to particular event signals 112 
generated by the computer system 100. Each event signal 1 12 has at least one bit in the count-event register 240 that 
is associated with that event signal. When a bit is set to a "1" value, the corresponding event signal is selected. As 
shown below, multiple bits may be used to select a particular event signal. TABLE A shows the correspondence 
between the bits of the count-event register 240 and event signals 112 generated by the computer system 100. 
[0041] As shown in TABLE A, the first eight bits 7:0 are used to place each of eight memory controllers into one of 
two groups- For example, bit 7 corresponds to memory controller #7, bit 6 to memory controller #6, and so forth. Thus, 
if bits 7:0 are written as [0000 0010 2 ]. for example, then all of the memory controllers 104, but memory controller #1 , 
are in group 0 (see TABLE A). The ability to group memory controllers allows the system 100 user to isolate the behav- 
ior of one particular memory controller, or to concurrently monitor the collective behavior of several controllers. Because 
the count-event register 240 can be dynamically programmed, the grouping of the memory controllers can occur any- 
time after an application program starts executing. 

[0042] Bits 23:8 are used to select memory controller events. Bits 15:8 determine which event signals triggered by 
group-0 memory controllers will be selected. Similarly, bits 23:16 apply to group-1 memory controllers. In the preferred 
embodiment, there are four defined event types: Memory Queue, Memory-State, Read Queue and Memory Function. 
Two bits are used to select an event within an event type for performance monitoring. For example, if the bits 15:8 of 
count-event register 240 are set to [0000 0100 2 ]. then the INACTIVE MEM -STATE event for group 0 memory controllers 
is selected (see TABLES A and B). TABLE B shows the correspondence between the values of bits 23:8 and the 
selected memory controller events. 

[0043] Bits 63:24 can select other types of computer system 100 events. Examples of such events that are useful to 
count can include events based upon the states of various queues in the computer system 100. Other events can also 
include the status of certain components of the computer system 100, such as a bus interface logic or a command 
parser or direct memory access (DMA) controller, whether such components are active or idle. 
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BITS 


FIELD 


FIELD DESCRIPTION 


7:0 


GROUP 


Each bit corresponds to a memory 
controller and indicates whether that 
memory controller is part of group 0 or 
group 1. 


15:8 


Function- 0 


The bits define an event function that 
can be selected for Group 0 memory 
controllers . 


23:16 


Function-1 


The bits define an event function that 
can be selected for Group 1 memory 
controllers . 


63:24 


Events 


The bits correspond to events that can 
be incrementally counted. 



20 TABLE B 





BITS 


EVENT TYPE 


EVENT DESCRIPTION 




1:0 


MEMORY-QUEUE 


MEMORY QUEUE EVENTS 


25 


00 


NONE 


DO NOT SELECT A MEMORY-QUEUE EVENT. 


01 


EMPTY 


ALL PIXEL QUEUES ARE EMPTY. 




10 


PARTIAL 


AT LEAST ONE PIXEL QUEUE IS NOT 
EMPTY . 




11 


FULL 


THE FIRST PIXEL QUEUE IS FULL. 


30 


3:2 


MEMORY- STATE 


MEMORY STATE EVENTS. 




00 


NONE 


DO NOT SELECT A MEMORY- STATE EVENT. 




01 


INACTIVE 


THE MEMORY CONTROLLER IS IDLE. 




10 


OVERHEAD 


MEMORY CONTROLLER EXECUTES A NON- 
DATA CYCLE. 


35 


11 


ACTIVE 


MEMORY CONTROLLER IS READING OR 
WRITING DATA. 




5:4 


READ- QUEUE 


READ QUEUE EVENTS 




00 


NONE 


DO NOT SELECT A READ-QUEUE EVENT. 


40 


01 


EMPTY 


READ ADDRESS AND READ DATA QUEUES 
ARE EMPTY. 




10 


PARTIAL 


READ ADDRESS OR READ DATA QUEUE IS 
NOT EMPTY. 




11 


FULL 


THE READ ADDRESS QUEUE IS FULL. 


45 


7:6 


MEMORY - FUNCTION 


COMBINED MEMORY CONTROLLER EVENTS. 




00 


OR 


ANY ONE OF THE SELECTED EVENTS IS 
TRUE. 




01 


AND 


ALL OF THE SELECTED EVENTS ARE TRUE. 


SO 


10 


NOR 


ALL OF THE SELECTED EVENTS ARE 
FALSE . 




11 


NAND 


ANY ONE OF THE SELECTED EVENTS IS 
FALSE. 



55 

[0044] The count-control register 250 is coupled to the programmable logic circuitry 300 by signal lines 252. In the 
preferred embodiment, the count-control register 250 has eight bits. The contents of the count-control register 250 
determine whether the performance counter 202 is enabled for counting. When the performance counter 202 is ena- 
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bled, the count-control register 250 determines what conditions increment the performance counter 202 and what oper- 
ations are performed, should there be any, when the counter 202 overflows. 

[0045] A user of the computer system 1 00 can dynamically configure the count-control register 250 while the system 
100 is operating. The processor 102 can access the count-control register 250 for reading and writing by signal lines 

5 254. The state of the eight bits determines which function of selected event signals is used to increment the perform- 
ance counter 202. For example, rf bits 3:2 of the count-control register 250 are set to 01 2 , then counting is enabled, and 
the count-result register 210 increments by the amount determined by bits 7:4 when the conditions, as set forth by bits 
1 :0, are met. TABLE C shows an exemplary correspondence between the eight bits and selected functions. TABLE D 
shows an exemplary correspondence between bits 7:4 and the amount that may be added to the count-result register 

10 210. 
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TABLE C 



BITS 


FUNCTION 


FUNCTION DESCRIPTION 


1:0 


INC -FUNCTION 


SELECTS THE CRITERIA FOR INCREMENTING 




THE PERFORMANCE COUNTER. 


00 


OR 


INCREMENT IF ANY OF THE SELECTED EVENTS 
ARE TRUE . 


01 


AND 


INCREMENT IF ALL OF THE SELECTED EVENTS 
ARE TRUE. 


10 


NOR 


INCREMENT IF ALL OF THE SELECTED EVENTS 
ARE FALSE. 


11 


NAND 


INCREMENT IF ANY OF THE SELECTED EVENTS 
ARE FALSE. 


3:2 


INC-ENABLE 


SELECTS WHETHER AND HOW TO ENABLE THE 




PERFORMANCE COUNTER. 


00 


NONE 


DISABLE COUNTING. 


01 


COUNT 


ENABLE COUNTING BASED UPON BITS INC- 
FUNCTION. 


10 


CHECK 


ENABLE COUNTING AND INTERRUPT ON 
COUNTER OVERFLOW. 


11 


HALT 


ENABLE COUNTING, AND INTERRUPT AND HALT 
ON PERFORMANCE COUNTER OVERFLOW. 


7s4 


INC -VALUE 


SPECIFIES THE NUMBER TO ADD TO THE 




PERFORMANCE COUNTER IF INCREMENTING. 



TABLE D 



BITS 
(7:4) 


INC -VALUE 


FIELD DESCRIPTION 


0 


SINGLE 


INCREMENT BY ONE 


1-7 


VARIOUS 
EVENTS 


INCREMENT BY 0 TO 8 


8 


EMPTY 


# OF MEMORY CONTROLLERS WITH EMPTY PIXEL 
QUEUES (0 TO 8) 


9 


PARTIAL 


# OF MEMORY CONTROLLERS WITH NON-EMPTY 
PIXEL QUEUES (0 TO 8) 


10 


FULL 


# OF MEMORY CONTROLLERS WITH FULL TOP 
PIXEL QUEUE (0 TO 8) 


11 


INACTIVE 


# OF MEMORY CONTROLLERS COMPLETELY IDLE 
(0 TO 8) 


12 


OVERHEAD 


# OF MEMORY CONTROLLERS EXECUTING NON- 
DATA CYCLE (0 TO 8) 


13 


ACTIVE 


# OF MEM- CONTROLLERS READING OR WRITING 
DATA (0 TO 8) 


14 


READ 


# OF MEMORY CONTROLLERS READING DATA (0 
TO 8) 


15 


WRITE 


# OF MEMORY CONTROLLERS WRITING DATA (0 
TO 8) 



[0046] The event signals 1 1 2 are provided to the programmable logic circuitry 300. Also, the programmable logic cir- 
cuitry 300 receives the bit values of the count-event register 240 by signal lines 242. The signals 242 correspond to the 



8 



EP 0 897 152 A2 



bits 63:0 of the count-event register 240. Signal lines 252 provide the bit values of the count-control register 250 to the 
programmable logic circuitry 300. Configuring the programmable logic circuitry 300 involves programming the count- 
event register 240 and the count-control register 250. 

[0047] The programmable logic circuitry 300 is coupled to the adder 220 by signal line 222. As described below in 
FIG. 6, the programmable logic circuitry 300 of the preferred embodiment can produce an INCR-VALUE 222 in the 
range of 0 to 8 in a single clock cycle of the system 100. Previous implementations of performance counters can incre- 
ment only by one during a single clock cycle. The principles of the invention can extend to greater or lesser ranges of 
values for INCR-VALUE 222. 

[0048] FIG. 3 shows the exemplary programmable logic circuitry 300 of FIG. 2 including interrupt circuitry 302, a com- 
bined-event generator 400, a memory controller event generator 500, a multiple-event generator 600 and a sequential- 
event generator 700. Event signals 1 1 2 pass to each of the event generators 400, 500, 600, 700. Event generators 400 
and 600 are each coupled to the count-control register 250 by signal lines 252, and event generators 400. 500 and 700 
are each coupled to the count-event register 240 by signal lines 242. 

[0049] From the count-result register 210, the interrupt circuitry 302 receives the overflow signal 214. The interrupt 
circuitry 302 also receives bits 3:2 of the count-control register 250. According to TABLE C, the interrupt circuitry 302 
issues an interrupt 144 when the count-result register 210 overflows if the bits 3:2 are either 10 2 or 1 1 2 . 
[0050] The memory controller event generator 500 includes, for example, two group event generators 501 , 502. The 
group event generator 501 corresponds to those memory controllers 104 which are configured into group 0, and the 
group event generator 502 corresponds to the other memory controllers 104 which are configured into group 1 . Each 
group event generator 501, 502 is coupled to the combined-event generator 400: group event generator 501 by signal 
lines 310; and group event generator 502 by signal lines 31 1. 

[0051] The sequential-event generator 700 is coupled to the combined-event generator 400 by signal line 330. The 
combined-event generator 400 can provide an INCR signal to the multiple-event generator 600 by signal line 320. The 
multiple-event generator 600 issues the INCR-VALUE signal 222, which is fed to the adder 220 of FIG. 2. 
[0052] The operation specific to each event generator 400, 500. 600, and 700 is described below in connection with 
FIGs. 4-7. In general, each event generator 400. 500, 600, and 700 enhances the functionality of the performance coun- 
ter unit 200. The combined-event generator 400 enables the counting of programmable combinations of events; the 
memory controller event generator 500. the counting of related events in a single execution of an application program; 
the multiple-event generator 600, the counting of multiple occurrences of an event in a single system clock cycle; and 
the sequential-event generator 700, the counting of occurrences of sequentially-related events. 
[0053] FIG. 4 shows the exemplary combined-event generator 400 of FIG. 3 including an array of bus lines 410, logic 
circuitry 420 and a multiplexer 430. Event signals 1 12, 310, 31 1 and 330, collectively referred to as events signals 402, 
are provided to the bus line array 410. 

[0054] The array of bus lines 410 includes input lines 41 1 and output lines 412. Each incoming event signal 402 is 
electrically connected to a unique one of the input lines 41 1 . For illustration purposes, three of the input lines 413, 414, 
415 are each shown to be electrically connected to two output tines 412. The event signals 310, 330 and 417. cone- 
sponding respectively to the input lines 413, 414, 415, are passed to the logic circuitry 420. 

[0055] The logic 420 circuitry includes an exemplary arrangement of AND gates 422. 450, OR gates 432. 440, and 
inverters 442. 452 that are ananged to produce logical signals 444, 446. 454, 456 from the event signals 402 that are 
provided to the logic circuitry 420 through the array 410. Other arrangements of various logic gates may be used to 
achieve these and other logical signals. Event select signals 242 and their complements, which are produced by invert- 
ers 418, are provided to the logic circuitry 420. Each of the event select signals 242 conesponds to one of the events 
402, and indicates whether that corresponding event is or is not selected. 

[0056] The AND gates 422 include an AND gate 424, 426. 428 for each event 402. Each AND gate 424, 426, 428 is 
associated with one of the events 402, and includes two inputs: a first input receives the associated event signal 402 
via an output line 41 2; and a second input receives the event select signal 242 corresponding to that associated event 
signal 402. 

[0057] The output of each AND gate 424, 426, 428 is coupled to an input of the OR gate 440. Each AND gate 424, 
426, 428 evaluates true P") when the associated event occurs (i.e.. the associated event signal line 402 is true) and 
the event select signal 242 corresponding to that event is true (i.e. the event is selected in the count-event register 240). 
The logical signal 444 produced by the AND gates 422 and the OR gate 440 evaluates true when any of the selected 
events occurs. The logical signal 444 corresponds to the OR function listed in TABLE C. 

[0058] The inverter 442 complements the logical signal 444 to produce logical signal 446. which evaluates true if all 
of the selected events do not occur. The logical signals 446 corresponds to the NOR function listed in TABLE C. 
[0059] The OR gates 432 include an OR gate 434, 436. 438 for each event 402. Each OR gate 434, 436. 438 is asso- 
ciated with one of the events 402, and includes two inputs: a first input receives the associated event signal 402 via an 
output line 412; and a second input receives the complement of the event select signal 242 corresponding to that asso- 
ciated event signal 402. 
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[0060] The output of each OR gate 434, 436, 438 is coupled to an input of the AND gate 450. Each OR gate 434, 
436, 438 evaluates true ("1 ") when either the associated event occurs (i.e., the associated event signal line 402 is high) 
or the event select signal 242 corresponding to that event is false (i.e., the event is not selected). 
[0061] The logical signal 454 produced by the OR gates 432 and the AND gate 450 evaluates true when all of the 
selected events occur. The logical signal 454 corresponds to the AND function listed in TABLE C. The inverter 452 com- 
plements the logical signal 454 to produce logical signal 456. which evaluates true if any of the selected events do not 
occur. The logical signal 456 corresponds to the NAND function listed in TABLE C. 

[0062] The multiplexer 430 is coupled to receive the logical signals 444, 446, 454, 456 from logic circuitry 420. The 
multiplexer 430 is also coupled to receive an input signal 252 from the count-control register 250 for determining which 
of the four logical signals 444, 446, 454, 456 to select. 

[0063] Both the count-event register 240 and the count-control register 250 can be dynamically programmed through- 
out an execution of an application program. Accordingly, the dynamic programming of the count-event register 240 con- 
figures the AND gates 422 and OR gates 432 to select and deselect event signals 402 throughout the operation of the 
program. For example, when only the corresponding bit of the count-event register 240 is set high to select event signal 
310, then the outputs of the AND gate 424 and the OR gate 434 follow the state of the event signal 310; i.e., when the 
event signal 310 is high, then the outputs of AND gate 424 and OR gate 434 are high, when the event signal 310 is low. 
then the outputs of the AND gate 424 and the OR gate 434 are low. If the corresponding bit is set low so as not to select 
event signal 310, then the output of the AND gate 424 and the output of the OR gate 434 are not a function of the state 
of the event signal 310. 

[0064] By programming the count-control register 250, the multiplexer 430 can be dynamically configured and re-con- 
figured to change the selection of the logical signals 444, 446, 454, 456. This dynamic selection of event signals and 
logical signals enables the system user to tailor the performance counter unit 200 to evaluate performance problems 
which are not discovered until after the system 100 has been operating. 

[0065] Operation of the computer system 100 is now described with respect to FIGs. 2-4. For illustration purposes 
only, at the run time of an application program, the contents of the count-event register 240 are written so as to select 
event signals 310, 330 and 41 7. Note that if no events are selected by the count-event register 240. then the logical sig- 
nals 446 and 454 evaluate true during every clock cycle. Thus, either logical signal 446 or 454 can operate as an 
ALWAYS count function, to send a signal 320 to increment the performance counter 202 on every clock cycle. 
[0066] During each system clock cycle, the four logical signals 444, 446. 454, 456 are evaluated for event signals 310, 
330, and 417. The logical signal 444 evaluates true when any of the selected events 310. 330, and 417 occurs; logical 
signal 446 evaluates true if all of the selected events 310, 330 and 417 do not occur; logical signal 454 evaluates true 
when all of the selected events 310, 330, and 417 occur; and logical signal 456 evaluates true if any of the selected 
events 310, 330, 41 7 do not occur. 

[0067] Also at run time, the processor 1 02 writes to the count-control register 250 in order to control the operation of 
counting events. Writing 01 2 to bits 3:2 of the count-control register 250 enables counting. The contents of bits 1 :0 of 
the count-control register 250 determine which of the logical signals 444, 446, 454, 456 is selected for counting (see 
TABLE C above). Bits 1 :0 are sent to the multiplexer 430 via signal lines 252 to make the selection. 
[0068] For each clock cycle in which the selected logical signal evaluates true, the multiplexer 430 asserts a true sig- 
nal ("1 ") on signal line 320, prompting the performance counter 202 to be incremented. 

[0069] FIG. 5 shows the exemplary group event generator 501 of the memory controller event generator 500 of FIG. 
3. As described above, the memory controllers 104 are organized, for example, into either group 0 or group 1. Each 
memory controller 104 of a particular group is monitored alike. Event signals that are selected for monitoring for any 
one memory controller 104 in a particular group are also selected for all other memory controllers 104 in that particular 
group. 

[0070] The group event generator 501 combines the selected events of memory controllers 104 that are in group 0, 
and the group event generator 502 combines the selected events of memory controllers 1 04 that are in group 1 . Except 
where noted, the group event generator 501 is representative of each group event generator 501 , 502 of the memory 
controller event generator 500. 

[0071] Bits 7:0 of the count-event register 240 go to each group event generator 501 , 502. The memory controllers 
104 can be assigned to either group 0 or group 1 by programming the bits 7:0 (see TABLE A). The bits 7:0 may be pro- 
grammed at any point during an the execution of an application program. Thus, the grouping of memory controllers 1 04 
is dynamically configurable 

[0072] The group event generator 501 includes event selectors 503-A, 503-B, 503-C, an array of bus lines 510, logic 
circuitry 520 and an output multiplexer 530. There is an event selector 503-A, 503-B. 503-C for each one of the memory 
controllers 104 in the computer system 100. For example, in FIG. 5. event selector 503-A corresponds to memory con- 
troller #0, event selector 503-B to memory controller #1 , and event selector 503-C to memory controller #7. 
[0073] Each event selector 503-A, 503-B, 503-C includes input multiplexers 504-A, 504-B, 504-C. an OR gate 505, 
an AND gate 506 and an inverter 507. (For the group event generator 502, there is no inverter 507.) Each memory con- 
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trailer 104 provides event signals 1 1 2 to the input multiplexers 504- A, 504-B, 504-C of the corresponding event selector 
503-A, 503-B, 503-C. The input multiplexers 504-A, 504-B, 504-C each receive one subset 112A, 112B. 112C of the 
event signals 112. The multiplexer 504-A receives the subset 1 12A, multiplexer 504-B receives subset 112B, and mul- 
tiplexer 504-C receives subset 1 12C. 
s [0074] Each subset of event signals 1 1 2A, 1 1 2B, 1 1 2C corresponds to one type of memory controller event described 
in TABLE B: subset 1 12A includes the MEMORY-QUEUE events NONE, EMPTY, PARTIAL, and FULL; subset 112B. 
the MEMORY-STATE events NONE, INACTIVE, OVERHEAD and ACTIVE; and subset 112C, the READ QUEUE 
events NONE, EMPTY, PARTIAL, and FULL 

[0075] Each multiplexer 504-A, 504-B, 504-C receives event select signals 242 from the count-event register 240. One 
w event is selected from each subset 1 1 2A, 1 12B, 1 1 2C of event signals 1 1 2. The group event generator 501 receives 
bits 15:8 of the count-event register 240 to control the event selection of group 0 memory controllers (see TABLE A). 
Bits 23:16 of the count-event register 240 go to the group event generator 502 to control the event selection of group 1 
memory controllers. 

[0076] Each multiplexer 504-A, 504-B. 504-C receives two event select signals 242. The multiplexer 504-A receives 
is bits 9:8; multiplexer 504-B, bits 1 1 :10; and multiplexer 504-C, bits 13:12. The selected events are interpreted according 
to TABLE B (bits 13:8 of TABLE A map to bits 5:0 of TABLE B). For example, when the event select signals 242 corre- 
sponding to bits 13:8 of TABLE A are 011011 2 . then bits 5:0 of TABLE B indicates that the FULL MEMORY QUEUE 
event is selected by multiplexer 504-A. the OVERHEAD MEMORY-STATE event by multiplexer 504-B, and the EMPTY 
READ-QUEUE event by multiplexer 504-C. If no memory controller events are wanted, then bits 13:8 of TABLE A are 
20 set to 000000 2 to select the NONE events at each multiplexer 504-A, 504-B, 504-C. 

[0077] The event selector 503-A of the group event generator 501 selects the same memory controller events as 
event selector 503-B and as event selector 503-C. Using the previous example, if the event selector 503-A selects the 
FULL MEMORY QUEUE event, the OVERHEAD MEMORY-STATE event, and the EMPTY READ-QUEUE event, then 
each other event selector 503-B, 503-C also selects these events. More specifically, the multiplexer 504-A of each event 
25 selector 503-A, 503-B, 503-C each select the FULL MEMORY QUEUE event, each multiplexer 504-B selects the 
OVERHEAD MEMORY STATE event, and each multiplexer 504-C selects the EMPTY READ-QUEUE event. Accord- 
ingly, those memory controllers 104 configured into a particular group are monitored concurrently for the occurrence of 
certain events. 

[0078] For event selector 503-A, the outputs of the multiplexers 504-A, 504-B, 504-C represent the selected events 

30 of a particular memory controller. These outputs pass to the OR-gate 505. The occurrence of any selected event pro- 
duces a high signal at the output of the OR-gate 505. The OR-gate feeds this output into an input of the AND gate 506. 
[0079] The inverter 507 provides a second input to the AND gate 506. One of the bits 7:0 of the count-event register 
240 is fed into the inverter 507 of each event selector 503-A, 503-B, 503-C. For example, bit 0 is supplied to event selec- 
tor 503-A, bit 1 to event selector 503-B, and so forth. Bit 0 indicates whether the memory controller #0, which corre- 

35 sponds to the event selector 503-A, is in group 0 or in group 1 (see TABLE A). When the memory controller #0 is in 
group 0, a M 0" is input to the inverter 507, and the inverter 507 provides a T to the AND gate 506. Conversely, the 
inverter 507 disables the AND gate 506 by supplying a "0" when the memory controller #0 is in group 1 (i.e., a "1" is 
sent to the inverter 507 from the count-event register 240). The output 508 of the AND gate 506 of each event selector 
503-A, 503-B, 503-C passes to the array of bus lines 510. 

40 [0080] For the group event generator 502, which has no inverters 507, the bits 7:0 from the count-event register 240 
pass directly to the AND gates 506. Accordingly, each AND gate 506 is disabled when the supplied bit indicates the cor- 
responding memory controller is in group 0, and enabled when that memory controller is in group 1 . 
[0081] The array of bus lines 510 includes input lines 51 1 and output lines 512. There is one input line 511 for each 
event selector 503-A, 503-B, 503-C. The outputs 508 of the event selectors 503-A, 503-B, 503-C are each electrically 

45 connected to a unique one of the input lines 51 1 . Each input line 51 1 is connected to two output lines 512. The output 
lines 512 feed into the logic circuitry 520. Accordingly, the outputs 508 of the event selectors 503-A, 503-B, 503-C pass 
to the logic circuitry 520. 

[0082] The logic circuitry 520 includes an exemplary arrangement of OR gates 540, 550, an AND gate 560, and invert- 
ers 562, 564 arranged to produce logical signals 522, 524, 532, 534 from those event signals that are provided to the 
so logic circuitry 520 via the array 510. Other arrangements of logic gates may be used to produce these 522, 524, 532, 
534 and various other logical signals. 

[0083] The output 508 of each event selector 503-A, 503-B, 503-C is coupled through the array of bus lines 510 to an 
input of the OR gate 540. The logical signal 522 produced by the OR gate 540 evaluates true f 1") when any of the out- 
puts 508 evaluates true. Logical signal 522 corresponds to the OR function of the event type MEMORY-FUNCTION 
55 listed in TABLE B. 

[0084] Inverter 562 complements logical signal 522 to produce logical signal 524, which evaluates true when none of 
the outputs 508 occurs. The logical signal 524 corresponds to the NOR function of the event type MEMORY-FUNCTION 
listed in TABLE B. 
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[0085] The OR gates 550 include an OR gate 552, 554, 556 for each event selector 503-A, 503-B, 503-C. Each OR 
gate 552, 554. 556 is associated with one of the event selectors 503-A, 503-B, 503-C, and includes two inputs: a first 
input receives the output 508 of the associated event selector 503-A, 503-B, 503-C; and a second input receives one 
of the bits 7:0 from the count-event register 240. The particular bit that is sent to the second input of each OR gate 552, 
554, 556 is the same bit that is sent to the inverter 507 of the event selector 503-A, 503-B, 503-C associated with that 
OR gate 552. 554, 556. 

[0086] The output of each OR gate 552, 554, 556 is coupled to an input of the AND gate 560. Each OR gate 552, 
554, 556 evaluates true ("1") when either the associated output 508 occurs, i.e., an event selected by the associated 
event selector 503-A, 503-B. 503-C is high, or the memory controller 104 associated with the bit sent to that OR gate 
552, 554, 556 is high, i.e., that memory controller 104 is not in group 0. 

[0087] The AND gate 560 evaluates true when all the selected outputs 508 are true. The output of the AND gate 560 
produces the logical signal 532, which corresponds to the AND function listed in TABLE B. 

[0088] The inverter 564 complements the logical signal 532 to produce logical signal 534. The logical signal 534 cor- 
responds to the NAND function listed in TABLE B, and evaluates true if any of the selected events corresponding to out- 
puts 508 do not occur. 

[0089] The multiplexer 530 is coupled to receive the logical signals 522, 524, 532. 534 from logic circuitry 520, and to 
receive event select signals 242 from the count-event register 240 for determining which of the four logical signals 522, 
524, 532, 534 to select. The two event select signals 242 corresponding to the bits 1 5:1 4 of TABLE A (bits 23:22 for the 
group event generator 502) control the selection. (See also bits 7:6 of TABLE B.) The selected logical signal is output 
310 to the combined-event generator 400. 

[0090] The output 310 of the group event generator 501 is a singular event that can be counted like any other event 
signal 1 12. So too is the output 31 1 of the group event generator 502. 

[0091] The count-event register 240 can be programmed throughout an execution of an application program. Accord- 
ingly, each input multiplexer 504-A, 504-B, 504-C can be dynamically configured to select a memory controller event 
signal, or to select no event signal at all (i.e.. NONE - see TABLE B). When the count-event register 240 is programmed 
to select the NONE event signal for all three input multiplexers 504-A, 504-B. 504-C. all input signals to the OR gate 505 
are low. and thus the AND gate 506 outputs a low signal. Accordingly, each event selector 503-A. 503-B, 503-C pro- 
duces a low output 508. 

[0092] The ability to dynamically program the bits 15:14 of the count-event register 240 permits a user to configure 
and re-configure the multiplexer 530 to change the selection of the logical signals 522, 524, 532, 534 at any point in the 
execution of a program. 

[0093] An exemplary operation of the memory controller event generator 500 is described with respect to the following 
practical situation: the system user may be interested in determining how often the queues of a specific memory con- 
troller are full while the queues of another memory controller is empty. By setting the appropriate bits of the count-event 
register 240, the specific memory controller is assigned to group 0, and the FULL event (under MEMORY-QUEUE) is 
selected as the event to be monitored for group 0. 

[0094] The multiplexer 530 of the group event generator 501 can be configured to select either the AND logical signal 
532 or the OR logical signal 522, because only the specific memory controller is in group 0. The resulting output 310 is 
passed to the combined-event generator 400. The output 310 will be high when the specific memory controller gener- 
ates a FULL event signal. 

[0095] The other memory controllers are assigned to group 1. The bit in the count-event register 240 corresponding 
to the EMPTY event is set. The multiplexer 530 of the group event generator 502 is configured to select the OR logical 
signal 522. The output 31 1 of the group event generator 502 is also passed to the combined-event generator 400. The 
output 31 1 will be high when any of the seven memory controllers in group 1 generates an EMPTY event signal. 
[0096] The multiplexer 430 of the combined-event generator 400 is configured to select the AND function 454. The 
combined-event generator 400 then produces a high output 320 when the output 310 from the group event generator 
501 and the output from the group event generator 502 are true concurrently. Each occurrence of a high output 320 can 
be added to the counter 202. Accordingly, the count in the count-result register 210 represents how often the queues 
of the specific memory controller are full while a queue of another memory controller is empty. 

[0097] FIG. 6 shows the exemplary multiple-event generator 600 of FIG. 3 including N multiplexers 610-614. an N- 
input adder 620 and an AND logic 630. The multiplexers 610-614 correspond to each component in the computer sys- 
tem 1 00 that can produce the same event signals during a single clock cycle. In Fig. 6 there are M types of event signals 
that can be produced by each of the N components in the system 100. The eight memory controllers 104 of the pre- 
ferred embodiment are examples of such components. 

[0098] Each multiplexer 610-614 includes an input for each event that the corresponding component can produce, 
and an additional input with a default value. The default value for the additional input to multiplexer 61 0 is one. The addi- 
tional inputs to the other multiplexers 61 2, 61 4 have a default value of zero. The default value is selected when counting 
multiple occurrences of an event is disabled. The count-control register 250 provides a signal 252 to each multiplexer 
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610-614 that enables multiple counting by selecting an event type to be counted. 

[0099] In the preferred embodiment, bits 7:4 of the count-control register 250, called INC-VALUE in TABLE C, deter- 
mine which event type is monitored for multiple occurrences in a single cycle. Accordingly, any of 15 different event 
types (i.e., M=15) can be chosen for monitoring. When INC-VALUE is 0000 2 . there is no selected event type, and the 
5 default value inputs to each multiplexer 61 0-61 4 are used. When INC-VALUE is 0001 2 , then EVENT type #1 is selected 
for multiple count monitoring. TABLE D provides a correspondence between the INC-VALUE and descriptions of the 
event type that is monitored for multiple counting. 

[0100] Each multiplexer 610-614 produces a single-bit output. These outputs pass to the N-input adder 620. The N- 
input adder 620 produces a ceiling (log 2 N+1) bit output 625. which passes to the AND logic 630. The output 625 rep- 

w resents the number of multiplexers 610-614 that have indicated the selected event. 

[0101 ] The AND logic 630 includes ceiling(log 2 N+l) AND gates 632. Each AND gate 632 receives one of the bits of 
adder output 625, and the INCR signal 320, which is produced by the combined-event generator 400 of FIG. 4. From 
the INCR signal 320 and the adder output 625, the AND logic 630 produces the INCR-VALUE signal 222 that passes 
to the performance counter 202 of FIG. 2. Ttie INCR-VALUE signal 222 represents the number of multiplexers 61 0-614 

is that have indicated the selected event during a single clock cycle. 

[0102] An exemplary operation of the multiple-event generator 600 is shown using the following exemplary practical 
situation involving Digital Equipment Corporation's 21 164 microprocessor. This situation demonstrates how the multi- 
ple-event generator 600 can count multiple occurrences of a particular event in a single system clock cycle. In this 
example, the particular event is the issuing of an instruction. Digital Equipment Corporation's 21164 microprocessor 

20 uses parallelism, and can issue from 0 to 4 instructions during any clock cycle. 

[01 03] In order to count instructions issued by a microprocessor like the 21 1 64 during the execution of an application, 
prior performance counter implementations would have to devise five types of event signals, one for each number of 
instructions that can be issued during a clock cycle. This approach is cumbersome, and requires several executions of 
an application program, in which each execution monitors a different event signal type. Then a total issued instruction 

25 count is calculated from the results of the individual executions. This total count may not be accurate because some 
application programs run at real time, and two successive runs of such programs may not produce repeatable results. 
I.e. . a first run may produce more events representing four issued instructions in one clock cycle than a second run. but 
if the four issued instruction event is not counted until the second run, then an inaccurate total count could be obtained. 
[0104] The multiple-event generator 600 can obtain the total count of issued instructions with one counter in one exe- 

30 cution of the application program. Each component that can issue an instruction within a clock cycle sends an event 
signal, called for example ISSUEDJNSTRUCTION, to one of the multiplexers 610-614. If there are four such compo- 
nents, for example, then there are four corresponding multiplexers. Each multiplexer receives the 
ISSUEDJNSTRUCTION event signal on the same input as every other multiplexer. During each clock cycle, each com- 
ponent that asserts the ISSUEDJNSTRUCTION event signal sends a M 1 " to that input of the corresponding multiplexer. 

35 [0105] Also, the system 100 user programs the bits 7:4, INC-VALUE, of the count-control register 250 to select that 
input receiving the ISSUEDJNSTRUCTION. This selection causes the ISSUEDJNSTRUCTION event signal at each 
multiplexer 610-614 to pass to the adder 620. 

[0106] The adder 620 adds the number of asserted ISSUEDJNSTRUCTION event signals (i.e., the "1 "s), and pro- 
duces a binary output 625 representing the total. This total is the number of components that have issued an instruction 

40 during the current clock cycle. The binary output 625 is ANDed with the INCR 320 signal from the combined-event gen- 
erator 400 to produce the INCR-VALUE 222. The combined-event generator 400 can produce a high INCR 320 signal 
on every clock cycle when configured in the ALWAYS count function described above in FIG. 4. This assures that upon 
each clock cycle, the AND logic 630 passes the binary output 625 of the adder 620 as INCR-VALUE 222 to the perform- 
ance counter 202. The INCR-VALUE 222 is then added to the count-result register 210 of the performance counter 202. 

45 [0107] FIG. 7 shows the exemplary sequential-event generator 700 of FIG. 3 including a sequential circuit 710 and 
sequence event control memory 740. The sequential circuit 710 receives each event signal 112. In an alternative 
embodiment, the sequential circuit 710 can also receive event signals 310, 31 1 that are produced by the group event 
generators 501 , 502 of the memory controller event generator 500. Using the sequential-event generator 700, a system 
user can create sequential events; i.e., the user can count occurrences of specified event sequences, such as when 

so one event type occurs before another event type without any intervening occurrences of a third event type. 

[0108] The sequential circuit 710 includes combinational logic 720 and clocked set/reset flip flops 730. It is well known 
in the art that the arrangement of the event signals 112, the combinational logic 720 and flip flops 730 can produce var- 
ious states in which the sequential circuit 710 operates. The outputs 722 of the combinational logic 720 go to inputs of 
the flip flops 730. and the present state 732 of the flip flops 730 is fed back to the inputs of the combinational logic 720. 

55 The sequence event control memory 740 specifies the operational behavior of the sequential circuit 71 0. State diagram 
750 provides an example of the operational behavior that can be specified by the sequence event control memory 740. 
[0109] The count-event register 240 provides event select signals 242 to the combinational logic 720. These event 
select signals 242 determine which event signals 1 12 are to be included in generating a sequential event. The user can 
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program the count-event register 240 throughout the operation of an application program. Thus, the selection of event 
signals 112 can be dynamically determined. 

[01 1 0] The operation of the sequential-event generator 700 is described with respect to the exemplary state diagram 
750 and the following example: counting how often EVENT 1 occurs before EVENT M without an intervening occur- 
s rence of EVENT 3. 

[01 1 1] The logic 720 and flip flops 730 are interconnected to produce three states: a first state 742 called AWAITING 
EVENT 1 ; a second state 744. RECEIVED EVENT 1 / AWAITING EVENT M; and a third state 746, RECEIVED EVENT 
M AFTER EVENT 1 . The operation of the sequential circuit 710 does not transition from the first state 742 to the second 
state 744 until an EVENT 1 signal occurs. The circuit 710 returns to operating in state 742, however, if while in state 

io 744 an EVENT 3 signal is received by the combinational logic 720 before an EVENT M signal. But rf an EVENT M signal 
is subsequently received without an intervening EVENT 3 signal, the circuit 71 0 passes to state 746. Then the sequen- 
tial circuit 710 asserts a high p") output 330 because the desired sequence of events, as set forth by the sequence 
event control memory 740, has occurred. The signal 330 passes to the combined-event generator 400 of FIG. 3, 
through which the occurrence of this sequence of events can be counted as described in FIG. 4. 

is [01 1 2] If during the next clock cycle EVENT 1 occurs, then the circuit 71 0 transitions to state 744; otherwise the circuit 
710 passes to state 742 to await another EVENT 1 signal. 

[01 1 3] The foregoing description has been directed to specific embodiments of this invention. It will be apparent, how- 
ever, that variations and modifications may be made to the described embodiments as to come within the scope of the 
invention. 

20 

Claims 

1 . An apparatus for counting event signals generated by a computer system, comprising: 

25 means for selecting a subset of event signals from a set of event signals generated by the computer system; 

and 

means for combining the selected subset of event signals to generate a new event signal that can be counted. 

2. The apparatus of daim 1 , wherein the means for selecting is dynamically configurable while the computer system 
30 is operating for selecting a new subset of event signals from the set of event signals generated by the computer 

system. 

3. The apparatus of claim 1 , wherein the selected subset of event signals includes a first event signal and a second 
event signal, and the means for combining generates the new event signal when the computer system generates 

35 either the first event signal or the second event signal during a single clock cycle. 

4. The apparatus of claim 1 , wherein the selected subset of event signals includes a first event signal and a second 
event signal, and the means for combining generates the new event signal when neither the first event signal nor 
the second event signal is generated by the computer system during a single clock cycle. 

40 

5. The apparatus of claim 1 , wherein the selected subset of event signals includes a first event signal and a second 
event signal, and the means for combining generates the new event signal when the computer system generates 
the first event signal and the second event signal during a single clock cycle. 

45 6. The apparatus of claim 1 , wherein the selected subset of event signals includes a first event signal and a second 
event signal, and the means for combining generates the new event signal when either the first event signal or the 
second event signal is not generated by the computer system during a single clock cycle. 

7. The apparatus of claim 1 , wherein the selected subset of event signals includes a first event signal and a second 
so event signal, the first event signal and the second event signal occurring in different clock cycles, and the means 

for combining generates the new event signal when the computer system generates the second event signal after 
generating the first event signal, wherein the selected subset of event signals includes a third event signal, and the 
means for combining generates the new event signal unless the computer system generates the third event signal 
during a clock cycle after generating th first event signal and before generating the second event signal. 

55 

8. The apparatus of claim 1 , wherein the selected subset of event signals includes a first event signal and a second 
event signal, the first event signal and the second event signal occurring concurrently, and each indicating an occur- 
rence of a particular event; and wherein the means for combining combines the first event signal and the second 



14 



EP 0 897 152 A2 



event signal so that each concurrent occurrence of the particular event can be counted in one counter during a sin- 
gle clock cycle. 

9. The apparatus of claim 1, wherein the means for combining generates a plurality of new event signals from the 
selected subset of event signals; and further comprising: 

a register, coupled to the means for combining, for selecting which of the new event signals to count, wherein 
the register is dynamically configurable while the computer system is operating for selecting a different one of 
the new event signals to count. 

10. The apparatus of claim 1 , wherein the means for combining generates a plurality of new event signals including: 

a first new event signal that is generated when any of the event signals of the selected subset is true; 
a second new event signal that is generated when all of the event signals of the selected subset are true; 
a third new event signal that is generated when any of the event signals of the selected subset is false; and 
a fourth new event signal that is generated when all of the event signals of the selected subset are false. 

1 1 . A method for counting event signals generated by a computer system, comprising the steps of: 

selecting a subset of event signals from a set of event signals generated by the computer system; and 
combining the selected subset of event signals to generate a new event signal that can be counted. 

12. The method of claim 1 1 further comprising the step of: 

selecting dynamically while the computer system is operating a new subset of event signals from the set of 
event signals generated by the computer system. 

1 3. The method of claim 1 1 , wherein the step of selecting selects at least two event signals from the set of event signals 
generated by the computer system. 

14. The method of claim 1 1 , wherein the step of combining generates a plurality of new event signals from the selected 
subset of event signals; and further comprising the step of: 

selecting one of the new event signals to count, further comprising the step of: 

selecting dynamically while the computer system is operating a different one of the new event signals to 
count. 

15. The method of claim 1 1 further comprising the step of: 

generating concurrently a first event signal and a second event signal, the first event signal and second event 
signal each indicating an occurrence of a particular event; and wherein the step of selecting a subset of event 
signals selects the first event signal and the second event signal, and the step of combining combines the first 
event signal and the second event signal so that each occurrence of the particular event can be counted in one 
counter during a single clock cycle. 

16. The method of claim 1 1 further comprising the step of: generating a first event signal and a second 

event signal; and wherein the step of selecting selects the first event signal and the second event signal, and 
the step of combining generates the new event signal when the second event signal is generated after the first 
event signal is generated, further comprising the step of: 

generating a third event signal; and wherein the step of selecting selects the third event signal, and the 
step of combining generates the new event signal when the second event signal is generated after the first 
event signal unless the third event signal is generated after the first event signal and before the second 
event signal. 
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